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Introduction
The design and synthesis of self-assembled molecular flasks and containers capable of encapsulating smaller guest molecules continues to fascinate the scientific community. 1 This is due to their potential applications in both the solution and solid state. Examples of their use in solution include anion sensing 2 and sequestration, 3 catalytic organic transformations, 4 enzyme mimetics, 5 drug delivery 6 and medical diagnostics. 7 In the solid state interests lie in their potential as gas storage and separation vessels, 8 and as containers for magnetic nanoparticles towards imaging. 9 Indeed both organic and metal-organic molecular flasks / containers are well known in the literature. Their formations are driven by a synergistic combination of non-covalent interactions (- stacking, H-bonding, ion pairing etc) in the former; and a subtle blend of covalent (metal-ligand bonding) and non-covalent pairings in the latter. The well reported bowl-like calix[n]arene cyclophanes (n = 3, 4, 5, 8 etc) 10 and their metallocalix[n]arene 11 structural relations are examples that highlight these differences.
Moreover, both of these classes of materials have been reported in the literature to exhibit many of the applications noted above.
Our own work in this field details the solid state guest engagement of highly paramagnetic polynuclear host units, due to their rarity 12 and potential applications as multifunctional magnetic materials. 13 To this end we recently reported a family of heptanuclear [M 7 ] (M = Ni(II), Zn(II)) pseudo metallocalix[6]arene host-guest complexes whose self-assembled double-bowl topologies resulted in molecular cavities able to accommodate various guest solvent molecules. 14 Herein we present an extension of this work by showing that we are now able to produce the cobalt analogues of this family and for the first time encourage solid state molecular cavity ingression of anionic guests using a mixed-valence [Co(III)Co(II) 6 ] double-bowl. Crystallographic information on complexes 1-4 and 5-6 are documented in Table 1 and S1 respectively. Bond valence sum (BVS) 15 calculations are provided in Table S2 . This is consistent with that observed for the Ni(II) and Zn(II) analogues. 14 Complexes 1 and 2 crystallise in the trigonal P-3c1 space group and only differ in terms of their guest occupancy and therefore are analogous with respect to their packing arrangement (Fig. 3 In order to further probe the hosting abilities of the heptanuclear hosts and to attract more intriguing guests, we decided to modify L 1 H at the imine position via introduction of a phenyl group, in order to modulate its second order coordination sphere behaviour upon primary {M(II) 7 (OH) 6 (L) 6 } 2+ planar disc formation. The ligand 2-iminophenyl-6-methoxyphenol (L 2 H (3)) can be easily synthesised (see the experimental section for details) through the Schiff base condensation of o-vanillin and aniline.
L 3 H crystallises in the orthorhombic P2 1 2 1 2 1 space group (Z = 4) and possesses an intramolecular Hbond between the phenolic proton (H1A) and the imine nitrogen atom (N1), giving a distance of O1A(H1A) … N1 = 1.880 Å and hydrogen bond angle of 144.9º.
Furthermore the imine-phenyl and phenol rings of L 3 H (as perhaps expected) twist away slightly from one another (via the imine bridge) to give a staggered conformation with a torsion angle (C10-C8-N1-C8) of 30º. Although structural analogues to L 2 H (3) have been crystallographically reported with various substituents on the imino-phenyl ring, 17 we present here the first crystal structure of this particular ligand (Scheme 1). Upon reaction with Co(NO 3 ) 2 ·6H 2 O and NaOH in MeOH the first example of a mixed-valence analogue of our [M(II) 7 ] double-bowl pseudo metallocalix[6]arenes, (4), is formed.
Complex 4 ( Figure 4 ) differs to its [M(II) 7 ] siblings in that its central Co ion is in the +3 oxidation state, as confirmed by bond length and charge balance considerations and BVS analysis (Table S2 ).
The metal-oxygen core of the molecule is thus {Co(III)Co(II) 6 (OH) 6 } 9+ . As a result of this extra +1 charge, complex 4 is able to accommodate two of its three counter NO 3¯a nions within its double-bowl cavities which is driven by the resultant {Co(III)Co(II) 6 (OH) 6 (L 2 ) 6 } 3+… NO 3¯ electrostatic interactions.
Indeed this observation is a first for such pseudo metallocalix[6]arene systems. It should also be noted that complex 4 is the only polymetallic complex to be isolated using ligand L The production of 4 prompted our focus to shift towards solid state guest inclusion of other counter anions using our [Co(III)Co(II)(L 2 ) 6 ] 2+ "vessel". The first candidate was the O-rich SO 4 2- anion in the hope of interaction with our H-rich planar core (containing six OH¯ bridges). We were also curious to know what would occur when we added a doubly negative anion. However SO 4 Undeterred by the unexpected production of 5, we decided to attempt to incorporate the tetrahedral BF 4¯ counter anion within the {Co(II/III) 7 } complexes of 1, 2 and 4 by repeating their general synthetic preparations using the Co(BF 4 ) 2 .6H 2 O salt precursor. Our thoughts were that by incorporating this particular anion we would perhaps: 1) modify the crystal space group and the size and shape of the resultant molecular cavity and/or 2) encourage the proton-acceptor F-atoms of the BF 4¯ anion to occupy the molecular cavities via interactions with the OH¯ bridging protons located within. However, this approach again failed, and instead the complex [Co(III) 2 Na(I) 1 (L 3 ) 6 ](BF 4 ) (6) was formed. Complex 6 crystallises in the monoclinic C2/c space group in ~25% yield and comprises a V-shaped metal-oxygen core whereby a central Na(I) ion (Na1) sits in between two Co(III) centres (Co1 and s.e.). Six L 3¯ ligand units bridge the {Co(III) 2 Na(I)} core in 6, two of which chelate the Co(III) ions (bite angle: N2-Co1-O4 = 91.36º); one per crystallographically unique ion. The remaining four L 3¯ ligands bridge the Co(III)-Na(I) vertices, two via the η 1 :η 2 :η 1 :μ-coordination mode and two via the η 1 :η 2 :μ-bridging mode (Fig 8) . 
Magnetic Susceptibility Studies
Magnetic susceptibility studies on 2 and 4 were performed in the 5-300 K temperature range in an applied field of 0.1 T (Fig. 10 ). Both show similar behaviour at high temperatures with broad maxima (at ~100 K) reflecting the effects of spin-orbit coupling. At ~40 K however the two curves diverge.
For 2 the value of χ M T increases with decreasing temperature reaching a value of ~20.2 cm 3 K mol -1 at 5 K suggestive of weak ferromagnetic exchange, while that for 4 decreases with temperature reaching ~13.9 cm 3 K mol -1 at 5 K, indicating weak antiferromagnetic exchange. This analysis is corroborated by examining the low temperature field-dependence of the magnetization (Fig. 9 -inset) which shows that for the same temperature and field, the magnetization value of complex 2 is always larger than 
Conclusions
The production of the metallocalix[6]arene [Co(II) 7 ] discs 1 and 2 highlights the consistent and reproducible nature of our recently reported [M(II) 7 ] (M = Co, Ni, Zn) family of host-guest complexes. 14 Indeed the reproducibility, stability and retainment of this core topology, despite moving across the 1st row of the d-block, is extremely rare with respect to polynuclear assemblies. 23 By varying the ligand employed we are able to encourage the accommodation of guest anionic species and the formation of analogous compounds containing different oxidation state distributions (e.g. complex 4). These changes also have a dramatic effect upon the observed magnetic properties, switching antiferromagnetic exchange in the mixed-valence complex to ferromagnetic exchange in the homo-valent complex. Attempts at replacing the anion failed, and instead gave rise to the very different complexes 5 and 6. These latter findings highlight the fine balance that exists between the formation of different complexes and how the identity of the product is dependent upon 1) the starting materials present (the type and the number) 2) the reaction conditions and 3) the crystallisation methods. In this particular case it is apparent that the presence of the NO 3¯ anion has significant bearing on [Co 7 ] double-bowl pseudo metallocalix[6]arene formation.
Experimental Section
Variable-temperature, solid-state direct current (dc) magnetic susceptibility data down to 1.8 K were collected on a Quantum Design MPMS-XL SQUID magnetometer equipped with a 7 T dc magnet. mmol) initially affording a dark red-coloured, transparent solution, which gradually adopted a darker colour as stirring proceeded. Solid NaOH (0.034 g, 0.86 mmol) was then added resulting in the solution adopting a golden red-brown appearance. The solution was stirred for a further 5 h after which it was filtered, to yield a dark red-brown mother liquor. The product 4 was allowed to crystallise from the mother liquor via slow solvent evaporation. Complex 4 was received as dark red-
